Background: The aim of the study was to understand the influences of withdrawal or dose reduction of pioglitazone in patients with type 2 diabetes.
Introduction
Pioglitazone is one of thiazolidinedione derivatives, which has been widely prescribed in patients with type 2 diabetes. It stimulates nuclear peroxisome proliferator-activated receptor gamma and improves insulin sensitivity by acting on adipose tissue, muscle and liver [1, 2] . Previous reports showed that pioglitazone lowers plasma glucose levels and HbA1c when used as monotherapy or combination therapy with metformin, sulfonylurea and insulin [3] . Moreover, pioglitazone has been reported to improve cardiovascular risk factors including lipid profile, coronary atherosclerosis and carotid intima-media thickness [4] [5] [6] .
Despite these beneficial effects, there are some concerns over pioglitazone to increase the risks of edema, body weight gain, congestive heart failure and bone fracture [7] [8] [9] . Furthermore, an epidemiological study by the French National Health Insurance showed that taking pioglitazone significantly increased risk of bladder cancer compared to patients who took other antidiabetic drugs [10] . The Food and Drug Administration also announced that pioglitazone use for more than 1 year might be associated with an increased risk of bladder cancer [11] . Because of these results, pioglitazone prescription was limited in many countries.
The Japanese authority also recommended to avoid prescribing pioglitazone to patients with a history of bladder cancer, and to monitor symptoms and urine in patients taking pioglitazone. As the news of possible association between pioglitazone and bladder cancer inflamed anxieties of diabetic patients, withdrawal or daily dose reduction of pioglitazone was done in a great number of patients. However, the influences of withdrawal or dose reduction have not been studied yet. Here, we retrospectively studied the influences of withdrawal or daily dose reduction of pioglitazone in patients with 
Methods

Patients studied and data collection
This study was approval by the Institutional Ethics Committee in National Center for Global Health and Medicine (NCGM-G-001668), and was also performed in accordance with the Declaration of Helsinki. This study was registered with the University Hospital Medical Information Network (UMIN) clinical trials registry, number UMIN 000018104. We selected patients with type 2 diabetes, who had undergone withdrawal or daily dose reduction of pioglitazone after a continuous prescription for 3 months or longer between January 2010 and March 2014, by using the clinical research database system at the National Center for Global Health and Medicine Kohnodai Hospital. We divided subjects into two groups: group A: patients who had undergone withdrawal of pioglitazone; group B: patients who had undergone dose reduction of pioglitazone.
We collected and compared the data before the withdrawal or dose reduction of pioglitazone with the data at 3 and 6 months after the withdrawal or dose reduction based on medical charts. Collected data include body weight, blood pressure, plasma glucose, HbA1c, serum low-density lipoprotein-cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and creatinine which were measured almost at the same time point before, 3 and 6 months after the withdrawal or dose reduction of pioglitazone.
Statistical analysis
Comparison of the variables determined before and after was analyzed by a paired Student's t-test. All data were expressed as mean ± SD. P < 0.05 was considered to be statistically significant.
Results
We found 713 patients who had taken pioglitazone between January 2010 and March 2014. After a continuous prescription of pioglitazone for 3 months or longer, pioglitazone was withdrawn in 20 patients (group A), and the daily dose of pioglitazone was reduced in 51 patients (group B). Tables 1 and 2 show the baseline characteristics of the studied subjects. The mean body mass index (BMI) was 28.5 kg/m 2 in group A and 27.7 kg/m 2 in group B. The mean pioglitazone dose at baseline was 22.5 mg in subjects of group A. In subjects of group B, the mean dose of pioglitazone was 29.6 mg at baseline, 11.9 mg at 3 months, and 11.7 mg at 6 months Hemoglobin A1c (%) 6.9 ± 0.9
Daily dose of pioglitazone (mg) 23 ± 10 
Other hypoglycemic or lipid modifying agents which subjects had taken before and after the withdrawal or dose reduction of pioglitazone are shown in Tables 3 and 4 . The number of subjects who had taken high-dose metformin (≥ 1,000 mg) and dipeptidyl peptidase-4 (DPP-4) inhibitors increased after the withdrawal or dose reduction of pioglitazone in both groups.
Changes of clinical parameters after the withdrawal or daily dose reduction are shown in Tables 5 and 6 (group A) and Tables 7 and 8 (group B) . Although no significant change was observed in plasma glucose and HbA1c levels in both groups, body weight significantly decreased at 3 and 6 months after the daily dose reduction in group B. The same tendency was observed in group A. Serum HDL-C levels significantly decreased at 3 and 6 months after the withdrawal in group A. Moreover, serum ALT levels significantly increased 3 months after the withdrawal of pioglitazone in group A. However, there were no significant changes in lipid profile and aminotransferases in group B.
Discussion
Present study evaluated the influences of withdrawal or daily dose reduction of pioglitazone, and demonstrated that serum HDL-C was exacerbated after the withdrawal, whereas plasma glucose and HbA1c levels did not significantly change after the withdrawal or daily dose reduction.
In various studies, pioglitazone has been reported to improve not only glycemic control and insulin resistance, but also lipid profile [3, 4, 12] . Nevertheless, the number of reports about the influences of withdrawal of pioglitazone in patients is very limited. Iwase et al evaluated the effects of withdrawal of pioglitazone after 3-month treatment in 49 Japanese patients with type 2 diabetes, and revealed that plasma glucose, homeostatic model assessment insulin resistance (HOMA-IR), fasting serum TG and HDL-C returned to the levels before the pioglitazone treatment started [13] . In the retrospective cohort study, significant decreases in body weight and serum HDL-C levels were observed after 10 months of the pioglitazone withdrawal [14] . These results were consistent with our data. No significant change was observed in serum TG levels in our study. Our study was based on the retrospective analysis and blood samples were taken in the post-prandial state in some patients, which might affect our results.
Several studies reported that administration of pioglitazone reduced steatosis and inflammation in liver in patients with non-alcoholic steatohepatitis (NASH) and type 2 diabetes [15, 16] . Moreover, it was reported that stopping pioglitazone 
after 48-week treatment was associated with subsequent elevation in serum ALT levels, increase in total hepatic fat, and significant worsening of parenchymal inflammation and steatosis in patients with NASH [17] . A significant increase of serum ALT levels was also observed at 3 months after the withdrawal in present study. However, there was no significant change in serum ALT levels 6 months after the withdrawal. The reason was uncertain, but the limited number of subjects might be involved in the results. Although no significant change was observed in plasma glucose and HbA1c levels in present study, the increase of plasma glucose levels after the withdrawal of pioglitazone was reported [13] . Morgan et al also reported that the glucose control worsened after the withdrawal of rosiglitazone, one of the thiazolidinediones [18] . In our study, the patients who had taken high-dose metformin or DPP-4 inhibitors increased. The intensification of treatment might contribute to keep their glycemic control.
In the previous study, 90 patients with type 2 diabetes were randomized to three groups: 7.5 mg/day, 15 mg/day and 30 mg/day as add-on therapy to metformin and/or sulfonylureas [19] . All three groups showed a significant reduction in HbA1c, C-peptide levels, HOMA-IR, TG and a significant increase in HDL-C [19] . The 15-and 30-mg pioglitazone groups showed a significant increase in body weight which was not seen in the low-dose (7.5 mg/day) pioglitazone group, and there were no significant differences in any other parameters [19] . In our study, the pioglitazone dose reduction also reduced body weight, however, did not have an influence on any other metabolic parameters. Collectively, a low-dose pioglitazone may improve metabolic parameters without increasing body weight.
The present study has several limitations. First, other hypoglycemic agents, food intake and/or exercise might have an influence on the study results. Second, there were data lacking especially in BMI and body weight. Third, the number of studied subjects was small. Further studies, preferably with larger numbers of subjects, will be needed.
Conclusion
Our study suggested that the withdrawal of pioglitazone exacerbates serum lipid profile and liver function in patients with type 2 diabetes, although the glycemic control could be maintained by using high-dose metformin or DPP-4 inhibitors.
